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PHAN NOI DAU

San xuit phuong tién giao théng néi chung va san xuit 6 o trén thé

gidgi cling nhu fai Viét Nam figdy cang gia ting V& 50 Iugng ciing nihw chat~ —

lugng-trong do vé& mit chit lugng thi d6 an toan dugc dit 1én hang dau; 6

16 tr& thanh phuong tién van chuyén quan trong, phé bién trong van chuyén

hanh khach va hang hoa trong cac nganh nganh kinh t& qudc dan, trd thanh

. . a2 r r r .
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nhir dang phat trién. Tai. Viét Nam, véi sy ting truéng manh cda nén kinh

t& thi 6 O tro thanh mot trong nhitng phuong tién giao thong pho bieH, mat—

dd 6 t6 luwu thong trén dudng ngady cang cao. -

Do mit do 5td tham gia trén dudng ngdy cang cao, sy phat trién ciia

co s& ha ting giao théng nén tbc dd chuyén dong ngly cang cao, 6 td tham
gia giao thong & nhidu loai dudng va dia hinh khac nhau cho nén vén dé

dam bao an toan giao thong trén dudng 13 van dé cép thiét luén phai quan -

tam cho nha san xuft ciing nhur ngudi vin hanh phuong tién.

(3 Viét Nam, s6 vu tai nan giao thong dang trong tinh trang bao dong.
Theo théng ké ctia cic nudce thi trong tai nan giao thong dudng bd 60

+70 % do con nguoi gﬁy ra, 10 + 15 % do hu héng méy méc, tryc tric
k¥ thuat va 20 + 30% 1a do duong sd qua x4u. Trong nguyén nhan do hu
héng may mde, truc tric v& k¥ thuat thi theo théng ké cho thiy nguyén
nhan tai nan do hé théng phanh chiém ty 18 16n (52 + 75%). Do 46 ma hién
nay céc hing san xuit xe ludn tim cach cai tién cac hé théng an toan noi
chung va hé théng phanh noi riéng, tiéu chuin vé thiét ké ché tao va st
dung hé théng phanh ngay cang nghiém ngit va chat ché. Trong qua trinh
phanh thi ngoai v4n d& an toan do két ciu ctia phanh thi vin @& phét sinh
nhiét 1am gidm ma sét giira dia phanh va ma phanh din dén 1am giam hiéu
quéd phanh cin duge dic biét quan tAim. Trong qua trinh phanh lién tyc khi
xudng dbc dai thi hién tugng mét phanh do phat sinh nhiét trong phanh xay

ra trong d6i phd bicn nén dan dén cac vu tai nan nghiém trong.




Nhiam gidi quyét van dé nay thi trwdc hét ta can phai hi€u 6 vé

nguyén 1y hoat dong, két ciu cac chi tiét, bd phan trong hé thong phanh, Tir

d5 tao tien dé cho vice khao sat thiét k&, cai tién he thong phanh nhémiting

hiéu qua phanh, ting tinh én dinh huéng va tinh dan huéng khi phanh, ting

~ d6 tin cdy lam viéc véi muc dich dam bdo an toan chuyén dong va ting

hiéu qua van chuyén ctia 8 t6. D6 1a 1y do tdi di nghién ciru chuyén dé “
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chuyén d& nay t6i tap trung vio xy dyng mé hinh phan bé nhiét 49 cia co

c_;"iu_phan@__dia_l phat sinh trong qua trinh phanh va phan tich qua trinh trayen

nhiét trong qua trinh phanh nhim nang cao hiu qua phanh, ddm bao an

toan chuyén ddng cua xe 6 td.

Qua diy cho phép t6i dugc bay t6 1ong cam on sdu séc cac thiy trong

Bd mdn K§ thuat O 6, Khoa K§ thuat O t6 va May dong luc, truong Dai

hoc K§ thuit Coéng nghiép, Pai hoc Thai Nguyén vi cic ban bé, déng

- & taindy.

nghiép, dic biét 12 Nhom nghién ctru “Piéu khién dong lc hoc, rung dn

phuong tién giao thong va may” cta Nha truong da giap 4o 161 hoan thanh

(]




CHUONG 1
TONG QUAN NOI DUNG NGHIEN CUU
1.1. Gi6i thicu chung vé hé théng phanh ———— ~~ = o o

1.1.1. Cong dung, phan loai, yéu ciu

e

—— Aa)eongdlmg

L

Hé théng phanh c6 chirc ning giam téc dd chuyén dong cvia 6 t6 dén

A A A A \ » ~ A ] \* grs - < ] A LA 2
toc d6 chuyén ddng nao d6 theo yéu cau clia ngudi lai hodc ding han 6t ¢

mét vi tri nhét dinh. Thong thudtg, quéd trinh phanh xe duge tién hanh bing

cach-tao-ma st gitta phin quay va phin dimg yén trén xe, nhw viy déng

ning chuyén déng cia xe bién thanh nhiét ning cta co cdu ma st va duge
- truyénra-méitrudng xung-quanh:

Hé théng phanh trén 6 t6 gdm céc bd phan chinh: co cau phanh, din
dong phanh. Ngay nay, trén co s& cac b phin k& trén, hé théng phanh con

e b6 tri thém cée thiét bi nﬁngcaof'hi'éufqu*éfphanhr(%&feéwphanhfdtrc;rc—b(T’)—triﬂ———f—f —
& gan banh xe, thyc hién chirc ndng cta cac co chu ma s4t nhim tao ra md

mern . ham trén cac banh xe cnia 6 t6 khi phanh. 7
Dan dong phanh bao gdm céc bd phén lién ket tir co chu dleu khlcn (

ban dap, can kéo phanh) téi céc chi tiét didu khién sy hoat dong cua co chu

phanh. Din dong phanh dimg d& truyén va khuéch dai luc diéu khién tir co
céu didu khién phanh dén céc chi tiét didu khién hoat dong cia co chu
phaI_lh.

Hé théng phanh con gitt cho xe d6 an toan, khong bi tr6i trén dudng,
¢ k& trén déc. Nhu vay, nhd c6 hé théng phanh ma ngudi 14i c6 thé chay
xe an toan & tdc dd cao, do d6 ting ning sudt van chuyén va hiéu qua xe.
Trén xe thudong bd tri hai hé théng phanh hoat dgng ddc 1dp 1a phanh chén
(didu khidn ban dap phanh bing chin) va phanh tay (diéu khién cin kéo
phanh biang tay). Phanh tay thudng ¢6 co cAu ham can kéo phanh cho phép

duy tri sy ham xe ma khong cAn phai giif can phanh khi k¢o, phanh chan




chi hoat dong khi dap chin 1&n ban dap phanh, nhd chan khéi ban dap
lanha phanh. Phanh chan thudng ding co cAu him banh xe, phanh tay

thirong difg co cAw ham truc truydmdéng. -

b)Phin loai

~H¢ théng phanh duge phan chia theo tinh chit hinh thanh hé théng

Phanh chinh ( phanh chén),
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Phann phu( phanh tay), aun

va dung lam phanh du phong;
Phanh b trg (phanh bang ddng co, thity lyc hodc dién tir) ding dé tieu

d G leleg‘[IO‘i 1z't'rri)r'rkh6i 'l:iuonf,,r A

hao b6t mot phin dong ning cta 6 to khi cAn tién hanh phanh lau dai (
phanh trén ddc dai...) '

B eTheo két cAu cia co ciu phanh dugc chia ra: co ciu phanh tang

trdng, co cAu phanh dia, co cdu phanh dai.

~#Theo din d6ng phanh:

- He thong phanh din dong bang co khi;

- Hé théng phanh din d6ng bing thiy hyc;

- Hé théng phanh din dong bang khi nén;

- Hé théng phanh din dong lién hop: co khi, thity luc, khi nén...;

- Hé théng phanh din dong cé tro luc.

" e Theo mirc 6 hoan thién hé théng phanh

Hé théng phanh dugc hoan thién theo hudng nang cao chit luong diéu
khién 6 t& khi phanh, do vy c6 trang bi thém cac b diéu chinh lyc phanh;

-Bb didu chinh lyc phanh ( bd diéu hoa lyc phanh);

-B6 chéng him ctmg banh xe ( hé théng ABS).

Trén hé théng phanh ABS cdn c6 thé b tri céc lién hop diéu chinh:
han ché truot quay, 6n dinh déng hoc 6 t4.. .nham hoan thién kha ning co

dong, én dmh cia 6 tb khi khong diéu khién phanh




¢)Yéu ciu

Hé théng phanh can dam béao céac yéu céu sau:

C6 hiéu qua phanh cao fihat & tht ¢4 ¢ac ‘banh xec nghia 1 dam bdo ~

quéing dudng phanh ngan nhat khi phanh d6t ngdt trong trudng hop gip

“nguy hiém;

Dleu khlen nhe nhang va thua:n lqn lu'c tac dung lén bz‘m dap hay can

DPéam bao. su 8n dinh. chuyen dong ciia 6 t6 va phanh ém diu trong moi

~ trudng hop. —
Din dong phanh co do nhay cao, dam bao mbi tuo*ng quan gma luc
ban dap v&i sy phanh cla 6 td trong qua trinh thyc hién phanh;

Co céu phanh tho4t nhiét t6t, duy tri 4n dinh hé sé ma sat trén co ciu
phanh trong moi diéu kién st dung; |
Han ché tdi da hién tugng trugt 1&t banh xe khi phanh véi cic cudng

d6 lyc ban dap khéac nhau;

C6 kha néng glu' o 0 du'ng yén trong thoi gian dai, k& ca trén nén

dudng dbc;

Dam bao db tin ciy cua hé théng trong khi thyc hién phanh trong moi
trudmg hop sir dung, k& ca khi mot phan din dong diéu khién c6 hu héng.
1.1.2. Phén tich co cdu phanh 6 t6

Co chu phanh 13 b6 phin thuc hién tiéu hao dong ning cia xe khi
phanh va dugc didu khién tr céc co cAu trén budng 14i. Céc co cdu phanh
thuong dung trén co s& tao ma sat gira phin quay va phan c¢b dinh. Trén
céc O tb hién dai sit dung phd bién 2 loai co cdu phanh; phanh tang tréng
(phanh gudc) va phanh dfa. Phanh gubc st dung cht yéu trén cac 6td cb tai
trong 16n: 6t6 tai, 6t6 chd khach va mét sb loai 6t6 con. Phanh dia dugc str

dung chi yéu trén 6t6 con, ddc biét 1a & cac co ciu phanh trudce




. _ Phanh tang tréng
Bau trg ly’c phanh Ll

7 Maphanhngodi

Hinh 1.1. Hé thdng phanh trén 6 t6

L111 Co céu phanh tang trong o ]
Co cédu phanh ndy dugc ding kha phd bién trén 6 td. Trong co cau
dang tang tréng st dung cac guéc phanh c¢b dinh va dugc phanh véi mit try
tfoﬁg ::fla ;at;g t;(")ngiquaiyc;unigba;lh xe. Nhu ﬁa&, 7q171é tnnhphanh dugc

-thl_IC hlén nhor rﬁa éét giita bé mit tang .tréng va cac mé phanh. -
Co chu phanh tang tréng duge phan loai theo phuong phap bd tri va

diéu khién céc gudc phanh thinh cic dang sau:

Gudc phanh dit d6i xtmg qua duwdng tAm tryc;
Gudc phanh d3t d6i ximg véi tAm quay;
Gudc phanh dit boi;

Gude phanh ty cudng héa mot chiéu quay;

Gudc phanh ty cudng héa hai chiéu quay.

Céc dang nay con c6 thé phan biét thanh céc co chu sir dung véi cac
Iye didu khién gube phanh tir hé théng dan déng khi nén (a), thuy lyc (a, b,
¢, d, €) hodc co khi (a, d).




phanh dugc diéu chinh bang truc cam ép hoidc hai cam 1&ch tAm. Trén hai

gudc phanh c6 tan (hodc dan) cac tAm ma sat. Céc tim nay cé thé dai lién

tuc hoac phan chia thanh cac doan.

(3 co cau nay, trong phanh quay ngugc chiéu kim d6ng ho va gude

phanh bén tréi 1a gudc xiét cong, gudc bén phai 13 gubc nha. Vivay, ma |

phanh bén gudc xiét dai hon mé phanh bén gudc nha véi muc dich dé hai

- lyc 1on hon. -

— Con 401 vdi co cAu phanh duoc mo bang cam ép, Iyc tac dung 1én hai
m4 phanh 13 nhu nhau nén d6 dai cia ching bing nhau.

a. Co céu phanh déi ximg qua truc voi din déng phanh khi nén

Co ciu phanh duge bo tri trén cu trude ciia 6 t6 tai vira va xe tai
ning

Hinh 1.4. Co céu phanh d6i ximg qua truc voi dan dpng phanh khi nén.
Céu tao co ban bao gdm :

- Phan quay la tang trbng.
- Phén ¢6 dinh: 1a mam phanh duge bt ¢b dinh trén dim cAu. Trén
mam phanh ¢6 1ip hai chét ¢b dinh dé 18p rap véi 16 tya quay cua gube

phanh. Hai chét ¢é dinh nay c6 thé bS trf bac 16ch tdm d¢ diéu chinh khe hé




héa khi cn thiét, ¢ d4m bao kha ning 6n dinh diéu khién momen phanh.
1.1.1.2. Co ciu phanh dia

a. U nhitoc @iém ciia phanh dia Ui diém:

- Co céu phanh dia cho phép momen phanh bn dinh khi hé s6 ma st

~ thay ddi, didu ndy gitip cho banh xe bi phanh 1am vigc bn dinh, nhatla e -

nhi¢t 4 cao;

- Tho4t mhigt tot; khot lwong cacchi tiét nhd, két caugon;

- Dé dang stra-chita va thay thé timma sat; . . .. . . .. .. L

- D dang bb tri co chu tyr dong diéu chinh khe ho cia ma phanhva— |

- dia phanh. —

Nhueoe diém:

- Bui bn d& bam vao ma phanh va dia phanh, nhét 13 khi xe di vao
chd bun 13y va 1am giam ma s4t gitta ma phanh va dfa phanh, giam hi¢u

==  quaphanh; o , ——

- Mon m4 phanh nhanh do khdng duoc che chin, bao v&;
v b. Phdn logi co cdu phanh dia
Co chu phanh dfa duoc chia thanh 2 loai: c6 gid d& xy lanh cb dinh va co
gia & xy lanh di dong.
e Phanh dia c6 gid ¢6 dinh.

ol Diak <6 ) _
T o Y

T

Hinh 1.5. Phanh dia c6 gid dé c6 dinh
Co cdu phanh dia ¢6 dinh dugc bd tri cac loai 6 t6 nho va dan déng

phanh bing thtiy fwe. Loai phanh nay gi4 d& duge bat ¢ dinh trén dam cau,




trén gi4 d& bd tri hai xi lanh banh xe & hai phia ctia dfa phanh. Trong cac xi
lanh c6 piston, ma mdt dAu cia né ludn ti vao ma phanh. Mot duong dau tur

xi lanh chinh dan dén ¢4 2 xi lanh banh xe. D61 véi Toai phanhdifacogiadd |

¢ dinh ¢6 wu diém sau:

" . Co chu phanh dfa 13 loai h¢ nén thoat nhiét tot trong qué trinh lam

viéc;
- - Trong lugng nhe hon so véi co chu phanh—tallgﬂtrélng;— T e

-Khe hé gilta ma phanh va dia phanh nhé (0,05 -+ 0,08 mm), nho vay

d2 ding tr dong diu chinh khe hé nay nhd d§ dan hidi cia vong ¢aosubén T

o e trong r,ﬁnhxi }anll_; R . - - - e — - e e - - C—— A - - e
- Ap.suz"it phén bb déu trén cac bé mit ma sat;

D dang trong bao-dudng; sta-chitacling nhur thaythé:

,,,,, - Nhung né ciing c6 mdt s6 nhuge diem: loai ndy sir dung hai xi lanh,
nén luc ép 1én dia c6 luc khong déu, dé cong vénh dia; Céc tim ma sit hao

~modn nhanh hon so véi *pl‘ran’l’rtarrgtrérrg;*GU*cﬁuﬁhanhdea*khéng'&uqcfcénf”*w —
bing khi phanh vi sinh ra lyc phu tic dung 1én 6 bi banh xe khi phanh.

- — —ePhanhdiaedgia dodidéng— - - - - — —- - —- - - - - ——
| Co chu phanh c6 gia d& di dong chi c6 mét xi lanh phanh banh xe,
didu khién c4 hai mé phanh théng qua gia 43 xi lanh di dong.

Nguyén I lam viéc: ' ,,
- Khi chua phanh: do gid 4 c6 thé di chuycn ty lya doc theo truc quy

trén chbt truot, nén khe hd gitta cdc mé phanh va dia phanh hai bén 1a nhu
nhau. _ - ) | |
-Khi phanh: ddu tir xi lanh chinh theo éng din vao xi lanh banh xe,
piston s& dich chuyén ddy m4 phanh ép va dia phanh.
-Do tinh chét ciia lvc va phan lyc, két hop véi két chu tu lya cua gid
d, nén gia d& mang ma phanh con lai cling tdc dung mét luc ién dia phanh
theo huéng nguoc véi lue ciia mé phanh do piston tac dyng. Két qua 13 dfa

phanh dugc ép béi ca hai ma phanh va qua trinh phanh xe duge thuc hién.
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" “mon, 6: Tdm chan bui, 7: Cupen piston, 8: Piston, 9: Puong dau vio ~
Hinh 1.6, Co cdu phanh dia c6 gid d6 di dong

T, ..
Gu-dem:

-Co chu phanh dia 13 loai hd nén thoat nhiét t6t trong qué trinh
1am viéc; ’ - -
- - Trong hrong nhe hon so voi co ciu phanh tang tréng; ) =]

- Khe ho gilta ma phanh va dia phanh nhé (0,05 + 0,08 mm), nhd vay

d& dang tr d6ng diéu chinh khe hé nay nh& @6 dan hdi ctia vong cao su bén

trong ranh xi lanh;

- Ap suét phin bo déu trén cic bé mit ma sat;

- D& dang trong bao dudng, sira chita ciing nhur thay thé.
Nhuge diém:

- Gia thanh cao;

- Gi4 tri momen sinh ra phy thudc vio huc didu khién, nén khéng phi
hop trén cac xe ddi hoi momen phanh 16n nhu xe tai vira va ning;

- C4c tAm ma sat hao mon nhanh hon so v&i phanh tang tréng;

- Co céu phanh dia khéng duge can bing khi phanh vi sinh ra lyc phy
tac dung 1én 8 bi banh xe khi phanh;

- Khé tranh duoc bui bin vi khdng duoc che chén.

-DPéi v6i phanh dia duge st dyng chi yéu trén cdc loai & t6 nhé va

din dong phanh bing thiy lue.

12




1.1.2.H¢ théng din djng phanh
Hé thong phanh trén 5t6 thudng sir dung cac loai dan dong diéu khién

kidu thuy luc, khi nén hoac thuy-'kh’i‘liét"]ic}jj? Ciling ¢6 mot 56 0t0 sirdung

hé théng din dong phanh dién. Din ddng thuy lyc va khi nén so véi din

“dong diéu khién kiéu co khi, dién thi co nhitng wu diémnhwesau:

- Cong suit dau ra 16n véi kich thude va khoi lugng nhé;

thanh ning lugng co khi;

=Din dong dicu Khien don gian va co do chinh Xac cao, dac biet Khi
cong suat daura I6n ;

- Do Iyc (hoiic momen ) dugc tao ra trong din dong I6n trong khi khéi

lrong (hodc momen quén tinh ) cac chi tiét chuyén déng nhé nén thdi gian
tic d6ng nhanh khi cong sudt diu ra vn 16n;

- Cé keét cau don gidn va gia thanh cac cum chi tiét tuong doi re;

- D& thoét nhit trong din d6ng nén cé kha ning ning cao cong suit
riéng cta co cAu chip hanh;
~ -Dfin dong phanh thuy luc ¢6 wu diém 1a két cau don gian, khéi luong
cac chi tiét nho va dic bist 1a thoi gian chidm tac dung (con 'gc_)i 14 thoi gian
phan ng) ctia din dong rit nhoé (<0,03s). Tuy nhién, nhuge diém chinh coa
din dong thuy luc 1a khong tao ra duge lyc (hoic momen) Ién & co ciu
chép hanh do gi6i han cia ti sb truyén va kha niing tac dong lyc cia lai xe.
Do d6 din dong phanh thuy lyc thudng dugc sir dung trén cic loai xe du
lich, xe van tai nho va trung binh. Din déng phanh khi nén so véi din dong
phanh thuy lyc thi ¢6 wu diém 16n 14 diéu khién phanh nhe nhang. Ning
luong co bip cta 1ai xe chi dung dé didu khién viéc déng mé céc co cdu
didu khién (& day 13 van tdng phanh). Dé tao ra luc phanh (hodic momen) &
co cdu phanh thi nhd ngudn ning lrgng bén ngodi- khi nén. Nhey vy c6 thé
tao ra dugc cdng sudt 1én & co cu phanh . Véi dic diém nay, dan dong

phanh khi nén thuong dugce dung trén xe buyt, cdc xe van tdi hang vua va




1én ...Nhugc diém cia din dong phanh khi nén 13 két chu phic tap, c6

thém nhidu cum chi tiét trung gian, va dic biét thdi gian phan tmg ctia din

doéng I6n (> 0,6s), d3 1am ting dang k& i gian phanh v quang dwong

phanh 6t6 . Do d6 nhim khai théc triét dé nhing wu diém cta ci hai loai

~ dn dong trén va han ché dén mirc thip nhit cic nhuge diém cia ching,

ngu'ol ta da tao ra dan dong phanh ket h0'p dan dong phanh thu kh i,

tiép giita dong chét 1éng (thuy) va dong chat khi (nén). Nhung thudng dugc

ap dung non ca la macn KI:ll nen o1 uep VO'l macn oy 1 lTIC'TﬂIaIF l(m nén

dé cho viée didu khlen duorc nhe nhang va tao ra ap_lu'c phanh 16n; Phin

thuy lyc d& giam thoi gian phan ing cia hé théng va cho co cAu phanh c6

két chu don gidn. Din déng phanh thuy- khi cling thudng duge ding cho

cac 6t6 van tai, 6t6 buyt hang vira va 16n. Hién nay trén mot so 6 16 con

hién dai ngudi ta sir dung din dong phanh bing dién. Un diém cta hé

théng nay 13 didu khién nhe nhang, tic dong nhanh va dé tich hop véi
cac hé thong didu khlen tren Xe tao thanh mét he thong dong bo nang

cao tmh an toan.
1.2.Vit liéu ma sat sir dung trong cic loai phanh 6 té

1.2.1.Thanh phén vit li¢u ma sat

Thanh phén ciia vat liéu ma sat kha phic tap dé& c6 thé dap ung
duge cac yéu
ciu khic nghiét nhur:
— (6 khaning chéng mai mon cao;
— C6hé s6 ma sét cao va én dinh;
— Chiu dugc nhiét o cao.
Cac thanh ph.':?m chinh cu thanh vt lidu ma sat va ty 1& cia chiing dwgc

md ta trén cac biéu @6 Hinh 1.7.
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Thanh phin vit lién md phanh 2 Thianh phin vt lign ma phanh 4 -

Hinh 1.7. Céc logi vdt liéu sit dung trong cac logi co cdu phanh

Co6 thé nhan thiy Tang, cac m4 phanh c6 thé duge hinh thinh tir cac
o vét liéu co s¢ khac nhau va ty 1€ pha trdn chiing cling khac nhau tiy theo

treomg hop nham dat dugc cac tinh chét d4p g cac yéu clu cu thé.

"771.2.2.Cac tinh chét ciia clia vat idu masat

Céc loai vat liéu ma sit Géu cé hé sd ma sat phy thudc vio nhiét do.
_ __ _ Tuy nhién, quy luat bién thién hé sb ma st theo nhiét &6 cla cac loai vit
liéu khac nhau khdng giéng nhau. Mot vi du cha sy phy thude clia hé sb
ma sat vao nhiét 4o duoc thé hién trén Hinh 1.8.
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Hinh 1.8. Biéu dé sy phu thudc cia hé s6 ma sdt vao nhiét dp




Ti dd thi Hinh 1.8 ta thiy sy phy thudc cita hé sé ma st vao nhiét 4§
rat r& rét khi nhiét 6 cia vit lidu ma sét ting tr 50°C dén khoang 200°C

thi hé §6 ma sat ¢lng tang théo 1am ting higu qua phanh; Tuy ahién, khi™ — ™ 7]
nhiét §6 tiép tuc ting cao hon 200°C thi hé sd ma sat s& gidm rat nhanh din

" 7 dén néu nhiét d6 tiép tuc tang cao hon nira thi ¢o6 thé din dén hé s6 ma sat

c6 thé bing khong luc do s& rit nguy hiém giy nén hién twong mét phanh.

cac loai vat liéu ma sat ndi chung. Tuy nhién, cac két qua nghién ciru cho

8 A~ —1—= — -

thiy cac loai vat [icu Khac nhau co quy [uat khac nhau, Chang han, theo [4]

- c6 thé coi hé s ma sat trong co ciu phanh 6 t6 gidm tuyén tinh theo nhiét

d6. Ngoai sy phu thudc vao nhiét 49, hé $6 ma sét con phu thudc vao nhiéu ”

yéu t5 khac nhu vén tée trrot, &6 4m, ... Tuy nhién, néi dung chinh ciia
chuyén d& xéc dinh pham vi nghién ctru 13 4nh huéng ciia nhiét d6 dén higu

--  qua phanh nén khong phén tich cac léu t6 anh huong khac. —

1.3.Anh hwéng cia nhiét do dén h¢ s6 ma sit trong qu4 trinh phanh 8

 1.3.1.Sw ting nhiét d9 ciia co cAu phanh khi phanh lién tuc
Theo tai liéu The Automotive Chassis Volume 2( trang 244) [2], khi

phanh lién tyc nhiét dd cia co cAu phanh c6 thé ting 1én rét cao téi hon
800°C (Hinh 1.9). Khi nhiét 4 tdng cao nhu.vay thi hé s6 ma sat s¢ glam
rit manh din dén 1am giam hiéu qua phanh, Hién trong ndy rit nguy hidm,
vi khi hé s6 ma sat gidm xudng qua thip s& din dén hién tuong mit hoin
toan kha nang phanh. Ngoai ra nhiét d§ qua cao trong co chu phanh cé anh
hudng 16n t6i cac chi tiét cia co chu phanh va hoat dong ctia né. T4t ci cic
yéu t trén déu anh hudng xdu dén hoat dong ciia h¢ thdng phanh va giy

mat an toan chuyén ddng.
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Hinh 1.9. Nhiét dg ciia cdc co cdu phanh khi phanh lién tuc trén duong déc
1.3.2.Sw suy gidm hiéu qua phanh do nhiét d -

Trong qué trinh phanh & t6, ning hrong chuyén ddong (ddng ning)

dugc chuyén héa thanh nhiét & cdc co ciu phanh. Néu duy tr lyc phanh
trong thdi gian du 16n thi nhiét d6 cia cac chi tiét trong co ciu phanh s&

~ ting 1én d4ng k&. Su thay dbi nhiét d6 niy s& 1am gidm hé s§ ma sit va

gidm Iuyc phanh din dén hidu qua phanh giam nhiv @3 trinh biy ¢ trén.

Ngoai ra, mdt phin nhiét truyén qua xylanh phanh 1dm cho xylanh
néng 1én

cling véi piston va diu phanh. Do ¢6 ddc tinh hit nude manh, diu
phanh st -dung v6i thdi gian dai nude thim s& thim thiu qua dudng bng
cao su nén khi nhiét d6 cao vuot qua diém s6i, nude sé hoa hoi bén trong
dudng Ong ra tao bot khi chiém mét phén thé tich cia dau héi vé binh chira
dau phanh. Tt dic tinh khong thay ddi thé tich khi bj nén, dau thiy lyc 1an
hoi nude bi nén 1am gidm 4p suit phanh trong cac xylanh chip hanh tai cic
co cdu phanh,

Ngay ca v6i tinh hubng dau phanh khéng 1dn nude, nhigt 36 ting qua

mirc 1am néng va mém giodng kin tai xi lanh cdng tac cia co cdu phanh,
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tham chi 4p lyc diu noéng con phi huy giodng ldo héa lam dau thoat ra

ngoai khi ngudi 1ai dap phanh. Khi d6 luc tac dong 1én co cau phanh gin

nho Khﬁllg cén, dﬁn den hléLIl arong mat pham'l.' T o e

Céc loai co cdu phanh ciia 6 to hién nay déu hoat dong dua trén

nguyén 1y tiéu tén'ning'luo‘ng"chuyén’ dong nhd ma sat. Ma"sa’tt' bién dong

nang chuyen dong clia & to thanh nhlf;t nang va tha1 no ra ngoal khong kln

phanh).

Nnuwarlurphantrmfavbannwducchlrmmannmv ma sat sinh

ra trong o chu phanh. Mdi quan hé giira lu:é phanh va hé sd ma sat cb thé

duge viét dudi dang tdng quat nhu sau:

Pp=n.Kep

Trong do p- hé s6 ma sat; Kep-hé sd phu thudc két cdu phanh
Biéu thirc trén cho thiy, néu trong qué trinh phanh ma hé s ma sat

thudc vao gid tri cta hé s6 ma sat trong qua trinh phanh.

-1.4.1.Téng quan tinh hinh nghién ciru trong vi ngedinwée — - — — -

1.4.1.Téng quan vé tinh hinh nghién ctiru & nwéc ngoai

Hién nay, nghién ciru ning cao hiéu qua phanh 6 t6 da va dang duoc
céc nha nghién ciru, thiét ké va ché tao trén thé giéi quan tim nghién ciu
theo hudng hoan thién hé théng din dong phanh nhur ABS, ABS+TRC.,...
va két ciu co chu phanh. Mot sb.két qua nghién ciru vé din nhiét ciing nhu
trao ddi nhiét dbi luu cua co ciu phanh dia ma sit trong qua trinh phanh 6
t6 sau: Supachai Lakkam va cac cfng su [1] da nghién ctru va khao sat dac
tinh rung dong, thong gié trde va sau cita dia phanh. Nghién ctru cho thiy
khi c6 hé théng théng gié da 1am giam d6 rung ciia hé thong phanh dia dén
43,5% Kkhi phanh xe chuyén dong voi tbc d6 50(km/h). Nghién ciru cia C.

Baron Saiz va cac cong sy [2] 4 nghién ciru qué trinh lam viée ctia cac loai

- .d7a phanh & céc-diéu kién lam viéc khac nghiét nhadm tim ra phén b6 nhiét
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dd va g suat nhiét 1dm bién dang cac co ciu phanh; nghién ciru di dua ra

va két luan trong sd cic dia phanh duoc nghién ciru thi dia c¢6 ranh hinh

canh cong lam viéc dat hi¢u qua hon. Nikit Gupta va céc cong sy [3]dd

nghién ciru, phan tich phan bd nhiét & céc ving khéc nhau cfing nhu thay

@b cac loai vt lidu Tam dia phanh va diing phin mém ANSYS dé phantich

v6i céc bé mit dia phanh khac nhau. Choi va Lee [4] 43 dung phuong phép

b 7
L]

1 3, ’
g phanh dia, qua

trinh phan tich van d& din n& nhiét khi két ndi gitta c4c thinh phin cia két e

cau phanh dia Khi nhidt do ma sat tao ra. Qua trinh md phong bang gial tich

- cho dia phanh véi diéu kién qué trinh phanh dwge 13p di 13p lai nhidu 13n tir -
&6 tim ra dugc su phin bd nhiét va 4p sut trén cic bé mit dia khi phanh.

Talati va Jalalifar [5] ¢4 phan tich qu4 trinh din nhiét cia hé théng phanh

dia. N§i dung nghién ciru 13 dya vao phuong trinh d4n nhiét cia dia phanh
== .. vamaphanh dwgc rit gon dudi dang phuong trinh dn nhiét tong quatphu — — |
thude vao khong gian va thoi gian. Trong qua trinh Jdy dao ham cia céc
phuong trinh din nhiét cic théng sb anh hudng di dugc & cap nhu khoang

thoi gian phanh, téc d6 ctia xe, hinh dang kich thudc cia cac bd phin cia

co cAu phanh, vat liéu ché tao dia phanh, mé4 phanh va phén bd 4p suit trén
dia phanh. Kang va Cho [6] d4 phén tich hinh dang ciia cac 156 thong gi6
trén dia phanh , bd phan ma anh hudng dén bé mit va dic tinh nhiét cia hé

théng phanh dia. Aleksander A.Yevtushenko va cong sy [7] cling da s

dung phuong phép phan tir hitu han dé tim ra giéi phap cho su can bing
nhiét dong luc cila ma sat va sy mai mon dbi véi cac loai vat lidu ding dé
ché tao ma phanh dia. Tir d6 xac dinh dwoc sy thay dbi thoi gian phanh, hé
s ma sat, momen phanh, tbc d6 cua dong co, nhiét d§ trung binh tai ving
mé phanh tiép x0c v&i dia phanh va sy mai mon do ma sat bé mit. Tuy
nhién, cdc mé hinh todn vé din nhiét hodic trao ddi nhiét d5i luu cta co ciu
phanh ma sit déu xem nhe cAc lirc v md men banh xe sinh ra trong qué

| trinh phaﬁh 0 6.




1.4.2.Téng quan vé tinh hinh nghién ctru & trong nwéc

Trong thoi gian qua trong nudce da ¢ nhiéu nha khoa hoc nghién ctru

v& hé théng phanh 6 6 va d& ¢6 nhidu cong trinh nighién chu vé hé thdng ~ 7

phanh theo huéng nang cao hiéu qué cta dén dong phanh 6 6, tiéu biéu cb

R . s SRR T it~ BT dhr T yre il - A g oA ~ e . Ve L TO: A .
thé ni dén cic cong trinh sau: Lugn 4n tién si cua Duong Tién Minh [8] vé S

néng cao chat luqng phanh 6 to quan su VO’l hf; thong phanh co lap bo dleu

trong Quan d6i nhan dan Viét Nam. Trong céng trinh nghién clru_cia Hb

- Hiru Hiing [9], nghién ctru xay deboTeu Khi¢n dién tir he- tlf’ngj:ﬂIa\:nlﬁﬂ'**73

ABS, st dung phuong phap didu khién theo ngudng gia téc cho bd chip
hanh loai 4 van 3 vi tri. Nguyén S¢ Dinh [10], 43 dé xuét thiét 14p mé hinh
tinh toAn dong luc hoc dAn déng phanh thiy luc theo md hinh dan hdi va
1%p dit, thir nghiém hé théng ABS 1én xe UAZ - 31512 nhim néng cao chit

- legng xe chi huy trong quin doi. Nguyén Vin Tiém [11] 3 dng dung ly L

thuyét didu khién hién dai didu khién thich nghi (logic md) va mang no ron

nhén tao, dé diéu khién chéng bé cimg banh xe khi phanh trén mé hinh md

phong % xe. Luan 4n tién si coa Lai Ning Vii [12] 43 tién hanh nghién ciu

hé théng didu khién qua trinh phanh 6 16, & xuht cAu tric va md phéng b
didu khién chéng him ctmg banh xe khi phanh c6 ké dén diéu chinh goc
quay thin xe. Xy dyng dugc thuét toan didu khién, thiét ké, ché tao bd
didu khién dién tir cho hé thdng phanh din déng thuy luc c6 ABS trén 6 to
“con nhim gép phin timg budc [am chii khoa hoe ky thuft hign dai trong -
nganh céng nghiép 6 to tai Viét Nam. Luén an tién si cha L& Anh Vil [13],
[15], [16] d tién hanh nghién ctru hién tugng trrgt quay banh xe chi dong
clia xe tai 4x2 trén dudng cd hé s6 bam khic nhau (2 bén banh xe chu
dong) tir d6 d& xudt va ché tao mdt mau (ban dau) hé thdng chbng trugt
quay banh xe véi giai phdp tdc dong phanh banh xe bi trugt quay trén co SO
hé thdng phanh khi nén c6 ABS nham ning cao tinh ning déng lyc hoc cho

3 t6. Neuyén Anh Ngoc va céc cong sy [14] d4 tién hanh mé phong va




phén tich tinh toan bén co cdu phanh diu tir trudng nhim hodn thién thiét
ké trude khi tién hanh san xuit, 13p rap va chay thir nghiém. Tuy nhién,

"“hudng nghién ctru vé anh hirdng nhigt dd cla co cau phanh dia ma sat dén

hiéu qua ciia né trong qud trinh phanh van dang 13 vin dé mé cho céc nha

- nghién ctu.

1.5. Két lugn chwong 1

déng cia xe khi di chuyén 12 mét vin d& cin duge quan tAm; Ngodi anh

" fjj’jﬁ@@@j@éﬁéﬁéﬁéﬁmﬁmﬁivéh*dé*pﬁat@mhfnhiawrw

qua trinh phanh cling 4nh hudng 16n hiéu qua phanh. Vi vay, nghi€n ciu
chii véu tip trung vao sy anh huéng cta nhiét o dén hiéu quéa phanh.




CHUGNG 2
CO SO LY THUYET TRUYEN NHIET TRONG CO CAU PHANH PiA

2.1.Nhiét phat sinh trong qua trinh phanh ] —

~ Péeythé hod nhiém vy cia phuong trinh vi phan truyén nhiét cdn xem xét

PHAT SINH TRONG QUATRINH PHANH - -~ —

cing véi cac diéu kién don tri (diéu kién bién)

_ Diéu kién ban dAu: xac dinh phan b nhigt d§ bcﬂmm
ban du;

- Didukién bién; Cac didu kién thc ddng qua lai giita mdi chat va bé mit_

ngoai ctia vit;

- Hinh dang, kich thuéc va cic thudc tinh vit 1y cia vat.

Diéu kién ban d4u dugc cho dudi dang quy Iuit phan b6 nhiét 6 bén trong

vét thé & thoi diém ban dau.

Tx,,2,0)= (5,2 @D

Cac trudmg hop riéng cia didu kién gi6i han rit phong phu, nhung

~ chiling 6 thé duoc chia 1am bén nhom co béan nhu sau:

+ Didukién bién 10a1 1: Cho biét phan b nhiét d6 trén bé mit cia
vat & thoi diém bt ky.
Ty(n)=fx,y,27) (2.2)
Trong do:

T,(7) - Nhiét 45 trén bé mit cta vat;

x, ¥,z - Toa dd mdi diém trén bé mit cta VAt.
Khi nhiét 36 moi thot diém trén bé& mat vat bang nhau va khong phu
thudc vao thdi gian, didu kién bién tiép xtc loai 1 ¢6 dang.
T.(7) = const
o Diéu kién bién loai 2: Cho biét mit 46 dong nhiét nhu mét ham

thoi gian voi timg diém trén bé mit vat thé.




Y on (8T
q,(z)=-4 (gl 2.3)

o Diéu kién bién loai 3: Cho biét quy luat trao ddi nhiét gitta bé mat

vét thé va md1 trudng.

Trong do:

N 7.7__ .. e em e TM (T)— _N.h_ié_t d.(;n)_mai_ﬁa Iel' I—E;__ U S S [
Néu méi trrdng khong hép thy nhiét thi:

a=o0y +aid
a, - Hé sb trao ddi nhiét, A -

o a, - Ha sb trao dbi nhiét d6i luu.

o Didu kién bién loai 4: Thé hién dic tinh trao dbi nhiét gifta bé mit
vat thé voi méi trudng trao ddi nhiét gifta céc vét cimg tiép xuc

“khi ma phiét &6 ciia céc bé mit tidp xtc nhwr sau:
oT oT (2.5)
| =4(T)| =
/11( 1)(8’1]11 /‘,2( 2)(6’1]1}

Khi: T (2) =T (7)

- _ . . Phuong trinh vi-phan truyén nhiét viét cing véi diéu kién don trj goi
13 bai toan bién. Céc didu kién ban déu trong cic bai to4n k¥ thut thudng
thyuc hién & hinh thirc don gidn nhat T(x, y,z,0) =T, = const.

Theo d6 nhiét @6 cha vat triede khi nung nong (lam mat) & tit cA cac
didm 14 nhy nhau. Didu kién ban ddu c6 dnh hudng dang ké téi trang thai
nhiét @ cha vat ¢6 hinh dang bét ky chi trong giai doan d4u coa qua trinh
khong 4n dinh. Trong nhitng giai doan tiép theo, su phan bb nhiét do trong

vat-¢o ban duoc xac dinh boi diéu kién gidi han (dicu kién bién).




Didu kién bién loai 1 va loai 2 thudng it gip trong tinh todn trang thai

nhiét d§ cua cac chi tiét d6ng co nhiét va dong co dién. Trong thyc tién tinh

foan céc chi tiet trén ta thuong nhan duge dicu kién bién loai 3 valoai 4.

Mot diéu rat quan trong 1a mitc d chinh xac cua két qua cudi cung khi

* tinh sy phan bo nhiét 46 trong vit phu thude ph:’ein 16n vao dd chinh xac cia

cac hé séﬁa vritﬂL 7d§c dua ra trong diéu kién bién. Viéc chon phuong

phap giai baitoan bién khong thyc sy anhr réng nhitu so voT vige tya

chon céc ¢6 s¢ dé duaracde- gia tri @ va 4.

— &nh hé sb-trao-ddi nhiét kho-hon rit nhidu. Gis-tri-ocd-thé tim duge

T thyenghigmuhigt-vatly. e

__ _Hésb d3nnhiét A c6 thé d& dang tim thiy trong cic sach tra clru hodc

x4c dinh bing nhiéu phuong phép thuc nghiém khéc nhau. Viée xic

thong qua giai cac phuong trinh 16p bién sir dung trong 1y thuyét trao d6i

nhiét d6i lrru hodc tir sy phy thudc suy rong nhin duge trén co s& qua trinh

Phuong phap thir nhat ¢6 thé thyc hién khi don gian hod yéu cau ciu

hoi, boi thé khi tinh céc cdu triic phitc tap phin 16n chon phwong phdp thir

hai. Tuy nhién, thuéng thiy tir Su da dang cua cac mbi lién hé trong thuc
nghiém va ban thuc nghiém.
2.2.Trudng nhiét 9 ciia co ciu phanh
a. Phanh khin cip ) 7

Trong qua trinh phanh 6t6, toan by dong ning cua khoi lugng chuyén
ddng cua 6t0 du_dc c;huyéﬁ hoa t—hanh ;lh_iét__nﬁhg_tai céc co chu pilaﬁh. MGt
phén ciia lugng nhiét ndy s& nung nong cac chi tiét trong co chu phanh ma
chi yéu 1a dia phanh, phén con Jaj tod ra ngoai khdng khi.

Phuong trinh can béang nhiét duge viét nhur sau:
G(Ve-v*) (2.6)

=m.CT+ |k Tdr
2.g 1 _‘[ !




~Trong go:

m,: Khoi hrong dia phanh;

.
4 ".,. l\n 3t

m,i“‘
L.I.

g L& 13
' 5 AL (}l. 1 CLI. 1(.11 \ - B B
D ****ﬂ‘répfc— 500]/1@(16) - 1

T- mic gia ting nhiét §§ vi moi trudng xung quanh; S

&
5
}

=2
~
B
3

4, : Dién tich phé“m tda nhiét ciia dia phanh;

e T 7, -Thorl glallphanh

V¢ trai ciia bidu thirc trén chinh 13 tdn thit ddng ning cia 616 khi

bi phanh tir van tdc Vj t6i van téc V. S5 hang thir nhat & vé phai 1a luong
nhiét nung néng dia phanh, s hang thir hai 13 lrgng nhiét tod ra ngoai
- khong khi. - —

Trong trudng hop phanh ngit, thdi gian phanh rit ngin nén hrong
nhiét tod ra ngoal khong khi rit nhd, c6 thé bo qua dugc, khi d6:

G.(K,z -7?)
2gmC

T= Q7 i

b. Phanh lién tue trén ddc dai
- Truong hop ngét déng co khi phanh:
. _ DPétinh mic gia ting nhiét 4o khi phanh, ta viét phuong trinh _ _
can bang nhiét:

S
o =G.CdT + Ak VTdz 2.8)

Trong do:

S- quing dudng phanh (m);

G- Trong lugng dia phanh va cac chi tiét bi nung néng (kg);
--C-Nhiét dung riéng cha vét lidu dia phanh (d6i vdi thép va gang:




C=0,125kCal / kg.*C)

dr - Mire gla tang nhi¢t 49 sau théi gian dt;

k, - Hé sb truyen nhlet gitra dia phanh va khong khi (hrong
nhiét -

" fruyén vio khéng khi tir lm “dién tich bé mit dia phanh trong mdt don v vi

thoi gian véi mirc chénh nhigt do guxa dia phanh Va khong khl 1a 1°C va

van tOC“tlep tuyeIl cua dia pllr.llul ta I\mns )

v - Vén toc tiép tuyén cta dia phanh (m/s)

- T- Muc chénh nhigt 43 gitta dia phanh 7, v Khong khi 7,"T=7, —

B - _Tk - e -. - - [P

Trong trudng hop phaﬁh ngit, thoi gian phanh rht hg'a?’m th ¢6 thé

b6 qua sb hang thtr hai & vé phéi ciia biéu thire (2.18). Khi phanh lién
fuc trong thoi gian dai thi lrong nhiét toa ra mdi trudng khong khi
chiém ty trong dang ké cin tinh dén luong nhiét ndy. Bién dbi biéu thirc

(2.8)va 14y tich phan ta dugc:

. = L’% —AKT [+c (2.9)
B ,ﬂ;k . -

Vi ¢ 12 hing s6 thoi gian.
Do khi bét ddu phanh.

G.C, P,

" aE a7 (2.10)

Két hop cac bidu thire (2.9) va (2.10) ta duoce biéu thuce tinh nhiét
dd dia phanh:

|
~

P =S4k
T=T+ 1—e ¢
S 427A,k,[ ] (2.11)




Dé tinh mirc gia ting nhiét dd khi phanh mdt cich chinh xac hon, ta
st dung phuong trinh cén bing nhiét:

ds,  dl oo (2.12)
=m 4 / i —
Pdr ' dr A&V

.. Trongdé: . . .

Sp - Quang dudng phanh (m);

m, - Khoi lugng dia phanh va céc chi tict bi nung nong (kg) C-
Nhiét dung riéng ciia vat liéu dia phanh;

© - =~ 4T - Mo gia-ting nhigt d¢-sau-thdi gian d;- — —— —— - -
A4, - Dién tich t6a nhiét ctia dia phanh;

k, - Hé s truyén nhiét cha dia phanh vé1 khong khi;
v, - Van toc tiép tuyén ciia dfa phanh (m/s); S S

o T~ Mizc chénh léch nhiét do giita dia phanh va khoéng khi; B
7 7 23Keétluan chwong 2 - ’

Qua churong 2 ta d3 phan tich va lam 18 dugc cac vin d& phat sinh
~ “nhiét trong qua trinh phanh, tinh toan truong nhiét d6ctacocAuphanh — -
trong qua trinh phanh.




CHUONG 3
XAY DUNG MO HINH VA PHAN TiCH NHIET, TRUYEN NHIET
CUA CO CAU PHANH DIA PHAT SINH TRONG QUA TRINH

PHANH

~ 3.1.C4c phwong phap xdy dung mé hinh nhiét cia co ciu | phanh

Theo thong ké cac cong trinh khoa hoc ve linh vire thiét lap mo h1nh

v phén tich truyen nhiét duge cong b6 trém tap cht, ky ycu hét nght khoa

hoc, chung ta thiy co.ban c¢6 3 phuong phép xiy dung duéi diy:

~3.1.1.Phwong phap gidi tich

Cin ¢t mé hinh thye té chung ta tién hanh xay du’ng mé hmh vit ly

dua trén co s& cic gia thiét, sau d6 ching ta dya vio cic phuong thire trao

d6i nhiét cu thé @& x4y dyng mé hinh toan va ding c4c phwong phép phan
tich s6 hodc sir dung cac phin mém may tinh tién hanh md phéng va i wu

~ két cau,

I Mo hinh thipe té I

I M6 hinh fodir

M HICHZ HE] [Z)= Fty

Phin mém mdy tink

Hinh 3.1. So d6 xdy dung mé hinh va phén tich nhiét theo phwong phdp gidi
tich
Phuong phap gii tich ¢6 wvu diém d& dang phén tich inh hudng cic

yéu t6 phi tuyén cia hé théng. Tuy nhién, nhugc diém 12 khé dinh dang céc
thong s6 ctia mé hinh (cac thong s6 mo phong héu hét cac nha san xudt béo

mat) va phai 1am thi nghiém dé x4c dinh lai.
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3.1.2.Phuwong phap s6

Cin clr md hinh thyc té ching ta tién hanh x4y dung mo hinh 2D hodc

3D dya trén cac phén_"fﬂém thiét ké CAD tnhw Taventor, Pro-E, Catiz, = = ]

Solidworks,... Sau d6 chung ta chuyén sang cic phan mém phén tich thiét

~ kénhu Ansys, Comsol ,.. .. Cubi cing d3t cdc diu kién bién tién hanh md |
phong va phan tich tbi wu cac thong s6 két cu theo so dd hinh 2.2.

| M hinh todn.

Hinh 3.2. So d6 xdy dizng mé hinh va phén tich nhiét theo phirong phdp mé
phong

Phuong phap md phong ¢6 wu diém 13 d& dang xac dinh céc théng sb

mo hinh va thay d4i két cdu clia md hinh. Tuy nhién, nhuge diém phan tich
T T %nh hudng cic yéu 6 phituyén cia hé théng ratphictap. T T T T~
3.2.2. Két hop giira giai tich va mé phéng
Két hop hai phuong phép trén nhim tin dung céc wu diém cia né. D6
14 khi xem xét cac yéu t6 phi tuyén cta co hé thi cic nha khoa hoc xay
dung cac chuong trinh con dya vao phuong trinh toan hoc md ta ddc tinh
phi tuyén sau d6 lién két véi céc phin mém phén tich nhu CAE, Ansys,

Comsol ,.... dé tién hanh mé phong va phén tich qua trinh.




3.2.Phin mém CAE md phéng va phin tich
3.2.1.Cac phé“m mém CAE thonng dung

o tich vb co-hoe, dién tir,- nhletwdong h@@,&h&t 16ng, chit rin va nhidu linh
vz khac. Dudi day 13 mot s phdn mém CAE phd bién:

H‘ nh 3 3. Mmh hoa phan mém Ansys

Abaqus: Abaqus 1a mdt phan mém CAE chuyen vé phan t1ch co
hoc va ddng hoc. NO cung cap cac ¢ong cu mb phong va phén tich vé

chat ran, két cau, nhiét va ddng co.

pS s:muun
Abaqus -

e .- . Hinh 3.4. Minh hoa phan mém Abaqus




COMSOL Multiphysics: COMSOL Multiphysics 12 mdt phin mém
CAE linh hoat cho phép mé phéng va phén tich cac van @& da vat ly. No

bao gom nhiéu mé-dun dé xar 1y cdc linh vuc nhur ¢o hoc, dién tir, nhigt, -

chdt long va héahoc. o . |

- coMSsOoL

YbIL_D""’

: ——Rdlnmmwp
vt -+ EepETl 440 oL

T

H‘ nh 3 5. Minh hoa phan mém COMSOL
_ Siemens NX: Siemens NX 13 mot phin mém CAE toan dién cho- thiet -~ |

ké va md phong san pham. N6 cung clp cac cong cu dé thuc hién phén tich

co hoc nhlet do, chat long va dong lue hoc.

H nh 3.6. Minh hoa phan mem Siemens NX
MSC Nastran: MSC Nastran 12 mét phin mém phan tich co hoc ¢6

khé ning md phong va phén tich vé cAu tric, d§ rung, nhiét va dong luc

hoc. N6 duge sir dung rdng rai trong linh vuc hang khong, 0 t6 va cdng

ngh1ep dong tau.
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— phong tich hop trong phan mém thiét k& SolidWorks. Né cho phép ngudi ,7
dung thyc hién phén tich co hoc, nhi€t va chét long tryc tlep tir mo hinh

CAD.

Hinh 3.8, Minh hoa phin mém SolidWorks Simulation
LS-DYNA: LS-DYNA 13 mét phdn mém CAE chuyén vé md

phéng va phan tich dong luc hoc va va cham. No dugce st dung rong rii

trong linh virc 6 t6, hang khéng vil try, va nganh cong nghiép ché tao.




Hinh 3.9. Minh hoa phdn mém LS-DYNA
Autodesk Simulation: Autodesk Simulation cung cip céc cong cu md

phéng va phan tich v& co hoc, nhiét, chét 16ng va dong luc hoc. N tich hop

trong nén tang Autodesk va cho Ehép kS’r su thue Eénphﬁn tich truc tiép tir
méd hinh CAD.

Hinh 3.9. Minh hoa phﬁ:n‘ mérvg LS-DYNA .
OpenFOAM: OpenFOAM 1a mdt phan mém CAE ma ngudn m¢ duge

st dung cho mé phdng va phén tich vé dodng luc hoc chét 16ng. N& cung
cip céc cong cu dé thuc hién md phdng dong chdy, truyén nhiét va tuong

_the luu chat.




COMET: COMET (COmputational Mechanics Environment for

Thermomechanics) 1a mot p_hz“z‘m mém CAE duogc phat trién cho md phéng

""va phan tich vé co hoc va nhiét. N6 cung cap cac cong cu de thwe hiém phanm

tich dong co, cdu tric va nhiét do.

—ﬁ*ﬂﬁt—gﬁﬁi’fﬁ'ﬂ_ﬂfem hoanm —chinh—dya—trén—phuwong phap Puau r huu
‘han(PTHH).dé mé phéng tmg sir cia mdt hé vat 1y khi chiu tac dong cua

 3.2.3.Phin tich phan mém Ansys

| Phan mém Ansys do Cong ty phan mem Ansys (Hoa Ky) phat tncn la

cic loa1 a1 t;rolﬂihac nhau. Phép phan tich cac phan o hiru 1 Harrlzrmoﬁ

phuong phép nhd su trg gitp clia may tinh aé xé4c dinh Umg suét, bién dang
cua céc két chu. Phuong phép ndy chia két cAu thanh céc khéi nhé véi dang

A ~ . A I e ’ A A ~ e A - . A -
chuin d3 biét, sau d6 bai toan tong thé s& duge gidi quyet bang vige s

dung mdt phin tir lién két. Phin mém phan tich s& ty ddng tao ra c4c bicu

thirc, phwong trinh dé giai bai toén dat ra va dua ra nhimg két qua cin thiét.ﬁ

Hinh 3.10. Logo phan mém Ansys
Phin mém Ansys duoc su dung rong rai trén toang thé giudi dé giai

quyét cac bai toan thiét ké, mo phéng t6i vu phén tich két cAu qua trinh

truyen nhiét, dong chay, dién, dién tir...Chinh vdy, Ansys 1a cdng cu md

phong hitu hiéu trong cac linh vuc cdng nghiép 6 6, hang khong Vil tru..

Ciu tric va Module chuong trinh Ansys

V& mit chu trac, ANSYS chia ra thanh 3 modun 16n d6 13: Médun tién
xit 1y (preprocessing); Mddun giai (solution); Modun hdu xi Iy
(postprocessing).

+ M6 dun tién xir 1§ cho phép ngudi sir dung c6 thé chuén b nhiing

thao tac can tlnet dé chuin bi cho qua trinh giai bao gdm: xdy dung md

hinh hll‘lh hoc, x4c dinh kiéu phin ti, lya chon md hinh vét liéu, chia luoi




- béi vi sau khi tinh todn md phong cin phal biét cac ket qua tmh toan c6 phu
hop vai thuc té hay khong‘? Trudng phan bd nhlet do trong vét thé phan b

thé nd0? Mb hinh luéi phén tir hitu han 43 t61 ru hay chua?

ANSYS 1a phin mém cong nghiép van nang, chinh vi vdy Ansys chira
nhiéu Module san phim riéng biét, c6 thé k& dén cac Module tiéu bleu
trong hinh 5.3

Iinh 3.12. Module sén phdm ciia Ansys |
ANSYS Multiphysic 1a mdt module mé phéng da trudng, da vt 1y.

Module nay gitip ching ta gidi quyét ot cac vin d& lién quan dén két céu,
nhiét, dién — tr, va cham, vét liéu mdi, ... nho kha ndng phén tich rat manh
cia nd. Ngoal ra ANSYS Mechanical APDL dugc tich hop rt nhiéu md

hinh vit liéu va cac loai phan tir da trén céc Iy thuyet ndi tiéng hlen tai. Ba
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san phidm thanh phan chinh daanz xudt tr Ansys/Multiphysics [
Ansys/Mechanical' Ansys/Emag va Ansys/F lotran

quyét cic bai toan két chu co d6 phi tuyén cao( vi dy nhu bai todn va cham

oty - -

De51gnSpace la cdng cy gon nhe cho phep phan tlch va th1et ke nhanh

SolidWorks....

Ansys/ﬁ'oFEA <cho phép ph Tlch va 101 wru thist k& trong moi. mrorng T

CAD pro/Engineer
Ansys APDL (Ansys Parameter Design Language) firc 13 ngdn ngir

thiét k& tham sb héa. Ngon ngi thiét ké tham sb héa ANSYS (APDL)
(APDL) 12 mdt cach thirc ding d& tr dong hoan thanh thao tac phan tich
phén i hitu han binh thudng hozic thong qua phuong dai luong bién thién

tham sé hoa thiét 1ap ngdn ngit phan tich md hinh, ding dé thiét chuong
trinh phén tich tri ndng héa ngudi ding cung c¢ip qua trinh phén tich phén

t& hiru phe‘in tifrhﬁulﬁnhﬁéﬁtﬁéﬁtﬁdéﬁgf . - ' R

Pﬁlamate:s "o Mma Help::

T

BRI |

‘ hlalnMenuHWW_!@@. — : M : ”{:.’J;E

:EPrelmnr.n b N Rt . ANSYS i@ _@

ii: 7 Preprocessor : R15.0 ﬁﬂl_ﬂ

| Soiution T IRIE:

ﬁ [ Gemaral Postproc __@_J wé

_ £'m ThmeHist Postpro 5
T T T —EsRoMTal - — B ——

© Prob Deafgn ﬂ' E

i & Radintinn Opt 2 L

24 Sesslon Editor ik

:’ "B Finlsh ﬁ;,] i

Al

i

Al

al

ol

: .lﬁ_ o :

FAATER : '—‘t""l

‘[Pncﬁ.amermtemd! asieta p—— (BEGIM) K [matzt- — [ype=t fret=1 =

Hinh 3.13 Gzao dién Ansys APDL




3.3.Phan tich nhiét, truyén nhiét ciia co cAu phanh

3.3.1.X4ay duwng mo hinh vitly

Dé nghién ciru va md phong truyén nhiét cho co cu phanh mé

hinh phanh dfa véi cac két cAu nhu hinh 3.14.

Fig, 1. Disc brake mechanism model

Hinh 3.14 M6 hinh xe tdi va kich thucc phanh dia
3.2.3. X4y dung mé hinh CAD

Nhu d3 phén tich cac phin mém Ansys & trén, trong giéi han chacha  —
d2 tai ndy co chu phanh dia duwgc xdy dung trong phin mém Ansys. Qua
trinh thuc hién ban ddu bao gdm: dinh nghia kiéu phan ti, vat liéu, xay
dung mod hinh; chia lu6i phin tir. Két qua x4y dung mé hinh va chia luéi

phin tir duge thé hién nhu hinh 3.15 va hinh 3.16

. Hinh 3.]5 C'a cdu phanh dia |
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Dé nghién clru bai toan truyén nhiét cho co cau phanh dia xe tai,
mo lﬁﬁleTa_ptranh_duo'c—xﬁy—dung—bé'i—ph‘ﬁ;lrmém—Autodesk—I—nventor.
Sau 6, md hinh duge trao ddi dit lidu v6i phin mém Ansys 15.0 dé tao

md hinh phén tir hitu han.Céc théng s6 diu vao cho bai todn nhur bang

sau:
Bang 1.Théng sd dia phanh
: STT | —  Théngsé Gi tri Don vikg) | Pon vi(N)
T | Trong 6t khong tai | 1505 | kg | 15050
2 | Phén b tai trong ra cau 979/ 526 kg 9790/ 5260
trudc/sau
3 Trong 6 t6 day tai 1981 kg 19810
o 4 | Phan bd tai trong ra cau | 1288/693 kg 12880/6930 B
trude/sau
5  |Quatai 1675 kg
6 Trong lugng dia phanh 8,05 kg
7 Banh kinh dia phanh 156,5 mm
8 Nhiét dung riéng ¢ 500 Jkg.dd
Vit liéu thép hop kim
|- 9 _| Hé s6 dan nhiét 0,12-0.15
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f) P4 thi gia ting nhiét d6 cta 1 nit bat ky
e Hinh 3.17.Két qud mo phong nhiét dg trén dia phanh
Hinh 3.17 a,b,c,d thé hién két qua md phéng nhiét dd trén bé& mit
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phanh dia ta nhan thiy nhiét do cing xa trong tdm dia phanh thi cing cao.
Nhiét d(") cao nhét lé nhfmg diém nﬁm trén be’m kinh d” ia phanh cd gié tri

phanh 11,9mm co gla tri 937°K Tren Hmh 3.17¢ e, fthé hlen su tang nhlet n

dd tai cic nit theo thdi gian phanh, ta thay khi phanh 0,1s nhiét 46 1a o

~-200°K va khi phanh 1,42s nhi¢t 46 ting nhanh [én dén T150°K. 1

" 1. Kh#o sat nhiét va truyén nhidt cia co cAu phanh dia khi phanhliégn
——— tue trén dbc dai dwgc thé hién trén hinh-3.18. -

Bang 2 Gia tri nhiét 3 khi phanh trén déc da1

_ [ STT | Theigianphanh | Gidtrinhiétds |~ |
. ) o 1_ Ss 976 AOT( 1302°K R,
————— P 10s 1061°K-1414°K —
3 155 1397°K-1863°K

1.926¢-001

a) Két qua phanh trong 5s

3,586ev002!

-2.958e+002"

1i7eedo02

1.077¢-001

b) Két qua phanh trong 10s

41




- ¢) K&t qua phanh trong 155 _
“Hinh 3.18. Két qua mo phong nhiét do khi phanh trén docdai—— —

- Hinh 3.18 thé hién két qua mo phong nhiét d6 khi phanh trén dbc dai
ang 3.

"—tarc:—ICThmﬂTemﬂd'lac ~nhau-Su thay-dbi nhigt-d6- duge-thé hién & Bing 3
Ta thay nhiét d6 phanh 16n nhét khi phanh trong thoi gian 5s 12 1302°K va

nhiét 36 phanh 16n nhét khi phanh trong thdi gian 15s 1a 1863°K.

——2.Khao sit nhiét dia phanh khi thay i tai trong—
Bang 3 Gia tri nhiét d6 trén dia phanh khi thay dbi tai trong (V=30km/s).

o STT | Taitong Gia i Gia tri mhiét o
| ™1 | Khongtsi | P1220023w | 596,5°K-7952K |
2 Toan & P=192197w | 933,7°K-1245°K
3 Qua i P=208613 w 1013°K-1350°K

a) Phanh & trang thai khong tai




¢) Phanh & trang thai qué tai

Hinh 3.19. K&t qua md phdng nhiét 46 ‘& mit-dia phanh khi thaydditai -~ -
trong

Két qua mo phong nhiét d6 trén dia phanh khi thay ddi tai trong phanh

dugc thé hién trén hinh 3.19 ab,c,d va Bang 3. Nhiét d6 1on nhét khi
phanh & trang thai khong tai 1a 795,2°K va nhiét d§ lén nhit khi phanh &

trang thai qua tai 1350°K.

2. Khao sat nhiét dia phanh khi phanh ngit
Bang 4 Gia tri nhiét d5 trén dia phanh ¢ véan toc khac nhau

STT Vin toc Gia tri tinh toan | Gia tri nhiét dd
1 30 km/h P=19219.7w |933,7°K-1245°K
2 50 km/h P,=57878.5w | 2791°K-3721°K
3 70 km/h P=1125352w |5417°K-7222°K
| 4 | 9kmh P.=187766.5w |9031°K-12040°K




2.£07e-DOL
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6.023e+02

4.5290-001

¢)70 km/h




—————————Hinh 3:20 Két qud- md phong nhidt d5-bé mit-dia phanh khi phanhngit————————

Fvan toe 30km/h 14 1245°K v gid tri nhiét 36 1on nhdt ¢ vamtbe 90km/h 1a——————

d) 90 kmv/h -

Gi4 tri nhiét d¢ tai cac diém trén phanh khi phanh ngjt dwgc thé hign
trén Hinh 3.20 a,b,c,d va Bang 4 ta thiy gi4 trj nhiét 46 16n nhét khi phanh

12040°K. Ta thiy & tbc dd cao nhiét sinh ra khi phanh rét 16n 1am anh

hirdng dén hiéu suat va tudi bén cha phanh,

3.4.Giai phép tin nhiét cho co' ciu phanh trén 6 tb
D& giai quyét vAn d8 thodt nhiét cho co cin phanh, c6 mot sb gidi
phap duoc sit dung. Dudi ddy 1a mot sd giai phap théng dung:
Lim mat bing khong khi: Day 13 phirong phdp don gian nhat va

- —— — — phd bién nhit. N6-sir dung bé mit phanh rong dé tin nhiét théng qua- — —

quat hodic ludng khong khi tu nhién. Viéc cai thién théng gi6 va luu
thong khong khi trong hé théng phanh c6 thé dugc thyc hién bing céch
stt dung 15 thong gid hoic khe hé phi hop trén dia phanh va bé mit
phanh.




Hinh 3.22. T, aé gancanh tin nhié:t cho co cu phanh

= - —Hé théng lan it -bing nude: Trong mot-sd-tmg-dung-ddi-héi-hiéu — ————
suét 1am mat cao hon, hé thdng 1dm mét bang nudc cb thé duge st dung.
Nudc duge cip vao dia phanh va sau d6 dwoc 1am mat bang cic binh

chira nuéde va bd lam lanh.




e .Hinh,j,zj,Bhanh_ldmmdt_bﬁng_nwéc_ — ]
Phanh lam mét bﬁng nudec (WCB) 1a mdt giai phép hz"'lp thy ning )

1uon'gcaoﬁduqc—sfrdung—éétao—}ﬂ&c%ng—déng.—"[ihiét—ké—eﬁa—eéerd-u’-éng
dAn nuée bén trong va cac thm mai mdn hop kim dong cho phép tan

nhiét
. Hé théng lam mét b ing dau: Hé théng 1am mit bang déu st dung———— —

dAu nhét @ tan nhiét va 1dm mat co ciu phanh. Dau dugc cung cip

théng qua éng din va sau 36 duge lam mat qua b 1am lanh trueée khi

quay tré lai co chu phérih.

=

Hinh 3.24. Hé théng lam mdtkbcing déu




Hé théng 1am mét két hop: Két hop cic phuong phdp 1am mét trén

c6 thé tao ra hidu qua 1am mat tdt hon. Vi du, mot hé théng co thé st

" dung 131 giai phép 1dm mat bing khong khi chi yéu, nhung ciing c6 the

tich hop b6 1am lanh @& 1am mat nhanh hon khi nhiét d¢ ting cao.

 Sir dung vit liéu phanh tién tién: St dyng vét li¢u phanh c6 kha
ning tan nhiét ¢ hon ciing 12 mét gidi phip quan trong. V4t liéu phanh -

tién fién ¢6 kha ndng dan nhist 16t hon va tang cuwong kha nang tan nhigt

cua co cau phanh.

Kiém so4t nhiét do: Diéu chinh nhiét 40 1a mot yeu 6 quan trong

trong viéc giai quyét vin d& thoat nhiét cho co cdu phanh. Dudi day 1a
mot sb phuong phép d& kiém soat nhiét 46 trong hé thong phanh:

Hé théng lam mat chii dong: Sir dyng céc thinh phan nhu bom

nude, quat hoac bg lam lanh dé tao ra sy 1am mat chu ddng cho co chu
phanh. Hé théng ndy c6 thd dugc didu khién bing cach st dung cam

bién nhiét @5 va bd didu khién dé duy tri nhiét d0 an toan cho phanh.

Hé théng 1am mat ty dong: St dung co ché tw ddng dé diéu chinh

nhiét 45 phanh. Vi du, mdt van didu khién c6 thé duge st dung 46 mé
hodc déng luu thong cua chét 16ng 1am mat, thy thudc vao nhiét d cia
co ciu phanh.
Bo diéu khién nhiét do: St dyng bé diéu khién nhiét do thong minh
8 theo d5i v didu chinh nhiét o phanh. Bd didu khién nay cé thé cung

cip thong tin vé nhiét d hién tai cua phanh va thyc hién cic bién phap
d& duy trd nhiét d6 an toan, nhu diéu chinh luu lugng khong khi hodc
chét long 1am mat.

Vit liéu phanh tién tién: Str dung vat liéu phanh ¢ kha nang chiu
nhiét t8t hon. VAt 1iéu phanh tién tién c6 kha ning tdn nhiét hiéu qua hon

va gitp gidm nhiét dd phanh trong qua trinh hoat dong.




minh: Thi nf Irn oo

H‘ nh 3.25. Dzeu khzen nh:et d‘o lam mat.

= i Fal iat
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o ¢6 [udng khong kii 161 uu va luu thong nhit d9 t0t. Didu ndy bao gom
c4c yéu td nhur kich thuéce, hinh dang va vi tri cia cdc thanh phin phanh,

nham tao diéu kién thoang khi t5t va 11 uu hoa viée tan nhiét. [

S 3.5Kétlugnchwong =~ =

Sau khi hoan thanh ndi dung chuong 3, chiing ta c¢6 thé riit ra mot

s két luan sau: gia tri nhiét d6 16n nhét 13 5417K va nhiét do thap nhat

13 2950K, vector Gradient nhiét 16n nhét 12 2.97, vector théng lugng |
 hietd5 1 129.37 Khi nhiét &9 bé mit dfa phanh tiép x0c véi ma phanh |
14 400C ; (2) gi4 tri nhiét d6 16n nhit 13 3230K va nhiét 46 thap nhét 13

2950K, vector Gradient nhiét 16m nhét 13 4.63, vector thong hrong nhiét

@6 13 201.34 khi nhidt d6 b8 mjt dia phanh tiép xtic véi m4 phanh 1a

500C, cudi ciing, gia tri nhiét d6 16n nhét dat 3330K, vector Gradient

nhiét 16n nhét 13 6.28, vector thong luong nhiét d6 13 273.11 khi nhiét 4o

b& mit dfa phanh tiép xtic v6i méa phanh 1a 600C T
Cac két qua nghién c& 13 co s& dé tinh todn va thiét ké co chu
phanh cho xe tai. Ngoai ra 13 co s& dé toi wu giai phép tan nhiét cho co

cAu phanh nhim ning cao do bén cho phanh dia va hiéu qua phanh.
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KET LUAN KIEN NGHI

Sau mot that glan thuc hlen dc tai, nhom nghlen ctru da hoan thanh

co ban ndi1 dung a8 tai nghlen cu'u khoa hoc De tal da dat du'O’c mot s0

két qu4 sau day:

- L Phan t1ch va chira dugc tinh- cap thiét coa dé tai; R ]
S - Phén tich danh g1aﬂac,ﬂmmcamg,mmpﬁm, Cac. =

yéu td anh hudng dén qua trinh phanh

: - Xay dung du’qc md hinh co ciu phanh tang tréng trong CAD -

— — —— ~Tao-md hinh phan tir hitu_han cho_co cAu phanh dé md phongva
— phan

tich

- P& tai danh gi sy gia tang nhiét 46 va vung sinh nhiét cao trén bé _
P mat _ - - - - .

cta tréng phanh khi thay d6i diéu kién

- Phan tich mdt sb céc giai phap tan nhiét cho co cau phanh
Tuy nhién d& tai con mot s han ché, hy vong trong tuong lai s&
_ Phén tich d4nh gi4 thém cac diéu kién khai thac khac nhau

- Thi nghiém thyre té d2 so sanh véi két qua md phong dé kiém

chiing tinh dung d4n cia md hinh.
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THUYET MINH PE TAI
KHOA HQC VA CONG NGHE CAP TRUONG NAM 2022

| L. TEN DETAI _ . ) ' [2.MA SO

_T2022-B28

| Nghién ciru hi¢u qua truyén nhiét cita Cofi(;flill phanh dia 6

t6
3.LINHVUCNGHIENCOU |4 LOAI HINH NGHIEN |
Khoa - hoc Khoa hoc Ky thuit cUu |
) X . T S
T Tunhién va Cong nghé | Co  Ung Trién
Khoa hoc Khoa hoc Nong [ | ‘ban dung khai
Y, duge ~ nghiép o o
- Khoa hec [ 1 0 it enNmanvin L %} | [
- e ASIIUA llv\-l AINLLALL Vadll B
X3 hoi , R

5. THOT GIAN THUC HIEN DU KIEN: 12 thang
1

. Tirthang nam 2022 dén thang 12 nam 2022
| 6. CHU NHIEM DE TAI o

Ho va tén: Nguyén Thanh Cong Hoc vi: ThS

B Chirc danh khoa hoc: Nim sinh:1987 -
Pia chi co quan: Dién thoai di dong: 0984381411
Dién thoai co quan: ~ Fax:

E-mail: nguyenthanhcong12487@gmail.com

[7.NHUNG THANH VIEN THAM GIA NGHIEN CUU DE TAI
' o Noi dung
Pon vi cOng tac va

TT Ho va tén . | nghién clru cy Chir ky
: linh virc chuyén mén

thé dugc giao

1 | D6 Van Quén Khoa KT O t6 va|Xay dung mé | -
MBL hinh héa phin /QU@//
N tr hiru han o
2 | ViivinHai Khoa KT O t6 va|Phian  tich
MDL hiéu qua
truyén  nhiét
co cAu phanh
8. PON VI PHOI HOP CHINH
Tén don vi Noi dung phéi hop nghién ctu Ho va tén ngudi

trong va ngoai nudc dai dién don vi




Trong nucc
Trong thor gian qua trong nudce da c6 nhidu nha khoa hoc nghién ciru vé hé théng phanh
6 t6 va di c6 nhidu cong trinh nghién ctu vé hé théng phanh theo huéng ning cao hiéu qua

© _|cta da,n_dgng pha,nh_o_Q, tidu biéu _o_the néi dén céc cong trinh sau: Luén 4n t tinsicoa|

: anh Sng phanh c6 ldp |
bo diéu hoa luc phanh nham nang cao chﬁt luong phanh clia & t& quin sy st dung trong

| Quén d6i nhén dén Viét Nam. Trong cong trinh nghién ctru cia HO Hitu Hing [9], nghién
L cfru xﬁy dung b@ diéu khién dién u’: hé théng phanh ABS, s dung phu-omg phap didu khién

thiét 14p mo hinh tinh toan dong luc h.(_)c c_lan dg,ng phanh thiy hre theo mo hinh dan héi va

 1ip dat, thix nghidor hé théng ABS 1n xe UAZ = 31512 nhiim ning cao chét lugng xe chi huy | -
| trong quén 461 Nguyén Van Tiém [11] d& tmg dyng Iy thuyét diéu khién hién dai diéu Khién |
— | thich nghi (logic m&) vd mang no ron nhén tao, dé didu khidn chéng bé cimg banh xe khi |
phanh trén mo hinh md phong ¥ xe. Luén 4n tién s clia Lai Nang Vii [12] @4 tién hanh

| nghién cru h¢ 1|th(3ng= didu khién qua tfinh phanh ¢ 15, d%& xudt cAu triic va mo phong 50 didu
khlen chéng him 1 clig banh xe khi phanh cé ke dén didu chinh g6c quay thén xe. Xdy dyng |

duge thuat toan diéu khién, thiét ké, ché tao bp didu khién dién tir cho hé thong phanh din
_ | dong thiy Iyc cé ABS trén 6 td con nhém gép phin timg budc 13m chi khoa hoc k¥ thujt | .

hién dai trong nganh cong nghiép 6 16 tai Viét Nam, Luén an tién sf cta L& Anh Vi [13],
[15], [16] da tién hanh nghién ctru hién tugng trugt quay banh xe chit dong clia xe tai 4x2
trén dudmg ¢6 hé sd bam khac nhau (2 bén banh xe chil djng) tir d6 d& xuét va ché tao mot

mau (ban diu) hé théng chbng trugt quay bénh xe vdi giai phap tic déng phanh banh xe bj
trugt quay trén co s& hé théng phanh khi nén c6 ABS nhim ning cao tinh ning déng hre hoc
cho 6 t6. Nguyén Anh Ngoc va céc cdng su [14] da tién hanh mé phéng va phan tich tinh
toan bén co cAu phanh diu tir truémg nh.%un_hoén thién thiét ké trude khi tién hanh san xvét,
l&p r4p va chay thit nghiém. Tuy nhién, huéng nghién cu v& anh hudng nhiét d6 cta co chu
phanh dia ma sat dén hidu qua ciia n6 trong qué trinh phanh vin dang 13 vén d& mé cho cac

nha nghi€n cuu.

9.2. Danh muyc cac cOng trinh dd cong bd thude Iinh vire clia d tai cla cho nhiém va
nhitng thanh vién tham gia nghién ciru (ho va tén tac gid; bai bio; 4n phdm; céc yéu t6 v&
xuét ban)

a) Ctia chi nhiém dé tai

[1] Bdi Vin Cudng, L& Vin Quynh, Nguy&n Thanh Céng, “Téi Gu thong sb thiét ké
dém céch dao ddng cabin xe tu rung”. Tap chi Co khi Viét Nam, sb dic biét thing 3/2016, pp
143-148.

b) Ciia céc thanh vién tham gia nghién ctru

(Nhitng cbng trinh tiéu biéu duge cong bd trong 3 nim gin nhit)

1] Le Van Quynh, Bui Van Cuong, Le Xuan Long, Do Van Quan. Effects of




03/2017.

[15]. L& Anh Vi, H3 Hiru Hai, Duong Ngoc Khanh, Pam Hoang Phic (2017), “Nghién citu

dé xudt mé hink hé thong chéng truot quay bénh xe chi dong dua trén hé thong phanh khi
_nén cé ABS”, Tap chi Giao théng vén ti sb thang 3/2018, trang 12-23,

[16]. Lé Anh Vi, Ho Him Hal Du’orng Ngoc Khanh, {)am Hoang Phuc (2017) "Khaa sat

dnh huwdng ciia mé men phanh 167 ddc tinh ting téc clia 8 6 tdi khi di véo d‘uong co he 56

| bdm khong dong deu ”, Tap chi Co khi Vigt nam 56 9/2017 trang 25-30

| 10. TINH CAP THIET CUA BE TAI

nhiét ning va nhlct do clia cac b@ phan co clu phanh ma sét tang cao co the d4n dén bién

dang | hoac nut d‘Ta suy glém he sb rna sfit gli?i'a mé;phanh v d" ia phanh; bay hm dau phanh

| do cira co chu phanh dia ma sat [a mdt trong vén d can thiét ctia qua trinh thiét ké hé thong -
phanh 6 t6 dé x4c dinh va du bao duge cac vin dé lién quan nhiét nh: (1) Nhiét 46 bé mit |

— [11.MUC TIEU PE TAI

) cdp ma sdt va phén b nhiét de; (2) ﬁng suit co nhiét va nhiét; (3) Bién dang va léch huéng
| nhiét; (4) Dic tinh lam mét; (5) Nhiét 0 dAu phanh va cdc b phén phanh lién quan. Ngodi|
| ra, phin tich nhiét co ciu phanh ma sét ciing rit cin thiét dé tbi vu hoa thiét k& nhimg thong
| s8 hinh hoe, t8i wu héa dic tinh vt lidu, hoi¢ du dosn hiéu sudt ma sat phanh, 6 modi va tbi |- -
tho cia bd phan, 1am mat, tiéng dn va rung co céu phanh trong qua trinh phanh 6 t6. Nghién

ctru hiéu qua truyén nhiét ciia co chu phanh dia 616 14 chp thiét.

1 e b ek

- Phén tich dwoc téng quan aé tal

"—

- X4y dung dugc md hinh héa phén tir hitu han;

- Phén tich dugc hidu qué truyén nhiét co cdu phanh
12. POI TUONG, PHAM VI NGHIEN CUU
12.1. Béi twong nghién ciru

Co cu phanh 6 t6

12.2. Pham vi nghién ciru
Trong pham vi cia d& tai, md hinh héa, mé phéng, phén tich anh hudng.
13. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU
13.1. C4ch tiép can
N&i dung nghién cira dugc tiép can qua cic nghién ciru trong mrde va qudc té lién quan

dén ndi dung dé tai trong céc nim gén diy.
13.2. Phuong phap nghién citu
Nghién ctru Iy thuyét: mé hinh héa, méd phéng phan ti hiru han
14. NOI-DUNG NGHIEN CUU VA TIEN PQ THUC HIEN
14.1. Noi dung nghién cira (M6 td cki tiét nhiing nyi dung nghién ciru cia dé tai, ghi ré

ndi dung 1d: bdo cdo cdc bai bio bing tieng Anh (néu san pham la bai bdo quoc té) tgi hpi |




nganh K¥ thuit Co khi dong luc

17.2. Dbi véi linh vire khoa hoe va cdng nghé cé lién quan
... Nang cao chit lugng ciia ddi ngii giang vién.

17.3. Déi véi phét trlen kinh te-xar héi

Nang cao chat [ugng dao tao: dai hoc cdc nganh co khi, 6 10 va xdy dung; sau dai hoc:

17.4. Dbi véi td chirc chi tri va cic co sc'.'r ung dung két qua nghlen clru

| Tai liéu thdm khao dudi dang bo cao téng kct.

18. KINH PHI THUC HIEN BE TAI

Téng kinh phi: I

Bang chik:
(Du todn chi 1iét cde muc c}u dmh kem co xdc nhgn cua cde don vi lién quan.)

- ~ Ngay thang “ndm2022
Chii nhiém a8 tai ' N&

~ ThS. Nguyén ThashCéng ~ °
HOI PONG KHOA KT. HIEU TRUO’NG

HIEU TRUONG |

PGS.TS. L& Vin Quynh ' . Vi Ngoc Pi




International Journal of Engineering Inventions
e-ISSN: 2278-7461, p-ISSN: 2319-6491
Volume 12, Issue 5 [2023]

. Application of Solidworks Software to Simulate Heat Transfer
_in Disc Brake Mechanism

| Nguyen Thanh Cong!, Vu Van Hai?

L2Faculty of Vehicle and Energy Engineering, Thai Nguyen University of Technology, Thai Nguyen, Vietnam
S . Email: nguyencong 124@tmutedu.vn

ABS TRA CT: ﬂze brakmg performance of a vehicle could be significantly mﬂuenced by the temperature rise in
_ the brake components. In order lo_investigate the heat transfer process, a disc brake mechanism was
constructed using Solidworks software. The finite element method was employed as the basis Jor calculation.
The results indicale that the highest temperature zone occurs at the brake pad and disc contact area. The
research findings provide a foundation for the design and optimization of the brake mechanism to minimize heat
generation in-the brake system. :
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I. INTRODUCTION

Heat generated during braking can have several cffects on the disc brake mechanism. The primary effect
is that it causes thermal expansion, which can result in warping or distortion of the brake rotor. This warping can
cause brake pulsation or vibration; which can-lead-to-decreased braking performance-and-increased stopping ——————
distances. Additionally, prolonged exposure to high temperatures can cause brake pads to glaze over or harden,
reducing their ability to grip the rotor and slowing the vehicle down. This phenomenon is known as brake fade

____and can be particularly dangerous when driving downhill or on long descents. Therefore, the study of heat
transfer in brake mechanisms is always of great interest to scientists and designers.

Thermomechanical modeling plays a crucial role in optimizing disc brake designs, enhancing
performance, and ensuring the durability and safety of the brake system. Ali Belhocine et al. have been
discussed the thermal effects in disc brakes, such as heat generation, temperature distribution, thermal expansion,

Mz&www
B dynaitiics (CFD) techniques (o simulate temperature distribution, stress levels; and fluid flow within the brake — — [
system. Welteji Bena et al. have been identified the critical areas prone to thermal stress-induced failures, such
as thermal cracking and deformation. The authors employed finite element analysis (FEA) to model and
simulate the thermal and stress distribution within the disc brake system. They consider factors such as material
properties, geometry, and operating conditions. The results of the article showed the importance of considering
the coupled thermal and stress behavior in disc brakes, and how such analysis can contribute to improving the
design and reliability of braking systems in Volvo trucks[2]. Gongyu et al. have been utilized a numerical
approach to mode! the thermal and stress distribution in the disc brake system. They considered the effect of a
moving heat source, such as frictional heat generated during braking. The research findings offered valuable
information for optimizing the design and performance of ventilated disc brakes. By understanding the thermal
stress-coupling-engineers-can-enhance-the-durability,reliability, and braking performance_of the_system_[3]
Bouchetara Mostefa et al have been employed a thermoelastic analysis to investigate the temperature
distribution and resulting deformation in disk brake rotors. The analysis considers factors such as material
properties, braking conditions, and heat transfer mechanisms. By understanding the thermoelastic behavior, the
research contributed to the development of more reliable and efficient disk brake systems [4]. R.A.Garcia-Leon
et al have been utilized numerical simulations to examine the heat transfer characteristics and airflow patterns
surrounding the disc brake. Factors such as brake geometry, operating conditions, and airflow velocity were
taken into consideration. The study revealed a correlation between temperature distribution, cooling efficiency,
and braking performance, emphasizing the significance of optimizing the airflow design to facilitate efficient
heat dissipation [5]. Anant W. Nemade et al have been analyzed the heat conduction characteristics within the
disk braking system through numerical simulations. The study reveals the significant impact of heat conduction
on the longevity of friction pads. It highlights how heat transfer affects the temperature distribution and thermal
stresses in the pads, ultimately influencing their wear and lifespan [6]. The main idea of this article is to develop
a disc brake mechanism model using CAD software. Subsequently, the heat transfer process is analyzed and
evaluated using SolidWorks software. The results highlight the region where the highest temperature is
"~ generated, providing a basis for design considerations. T

b
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Fig. 3. Temperature values of different element nodes
Figure 2 and Figure 3 are iltustrated the temperature distribution within the brake mechanism, highlighting the
areas with the highest temperature generation. This information is crucial for identifying potential thermal issues
and optimizing the design to manage heat effectively

---—-— Continuing-the-investigation, the study further explores-the-influence of braking time on-the heat generation . 4

process of the brake mechanism. Three braking times, namely t = [3, 5, 7] (s), were selected for analysis. The
simulation results are presented from Figure 4 to Figure 6.

. 2.171e+p02:
1.086e+002

1.326e-001

Fig. 4. Temperature distribution on brake disc(=3s)
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